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1 I1C COll V VI Oiuu f~~J J 

15 linked plastics by the use of organic peroxides 
is known. However, the degree of cross-link- 
ing thus produced is small, so that the solu- 
bility and softening point of the material are 
only slightly altered. Moreover, such a cross- 

20 linked polyethylene does not have the char- 
acter of an elastomeric material. 

According to the present invention there is 
now provided ^ process for the production of 
cross-linked elastomers, which comprises heat- 

25 ing a mixture of (1) a linear co-polymer of 
ethylene and 10 to 60 per cent by weight of a 
monoethylenically unsaturated monomer con- 
taining an aliphatic carbon atom having only 
one hydrogen atom bonded thereto, (2) 1 to 

30 10 per cent by weight of said co-polymer of 
a free-radical forming compound and (3) 0.5 
to 20 per cent by weight of said co-polymer 
of a monomer having at least two ethylenically 
unsaturated groups, at a temperature of from 

35 50° C to 250° C. 

Suitable monoethylenically unsaturated 
monomers containing an aliphatic carbon 
atom having only one hydrogen atom bonded 
thereto and which are suitable for employ- 



acid anhydride. 

The copolymers can be produced by pro- 55 
cesses known per se. Vulcanisation products 
having particularly good mechanical proper- 
ties are, however, produced if copolymers of 
ethylene and organic vinyl esters are used, 
which copolymers are advantageously pro- 60 
duced by free-radical polymerisation in a 
liquid phase containing predominantly tertiary 
butanol, as described in our co-pending Appli- 
cation No. 204/5S (Serial No. 843,974). 

Examples of vinyl esters which can be co- 65 
polymerised with ethylene are: vinyl chlor- 
acetate, vinyl formate, vinyl benzoate and, 
most advantageously, vinyl acetate and vinyl 
propionate. Further suitable copolymers are 
those of ethylene and propylene. The content 70 
of the copolymerisation components, such as 
the vinyl esters, incorporated by polymerisa- 
tion into die copolymers should be from 10 
to 60 per cent by weight, and most advanta- 
geously from 20 to 50 per cent by weight. 75 

As free radical formers which decompose 
at elevated temperature, it is possible to use 
persulphates, perborates, readily decompos- - 
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We, Farbekfabriken Bayer Aktien- 
gesellscha ft, of Leverkusen - Bayerwerk, 
Germany, a body corporate organised under 
the laws of Germany, do hereby declare the 
invention, for which we pray that a patent 
may be granted to us, and the method by 
winch it is to be performed, to be particularly 
described in and by the following statement:— 
The present invention relates to a process 
for producing rubber-like polymers, and more 
particularly to the cross-linking of co-poly- 
mers of ethylene by means of free radical- 
forming compounds. 

The conversion of polyethylene into cross- 
linked plastics by the use of organic peroxides 
is known. However, the degree of cross-link- 
ing thus produced is small, so that the solu- 
bility and softening point of the material are 
only slightly altered. Moreover, such a cross- 
linked polyethylene does not have the char- 
acter of an elastomeric material. 

According to the present invention there is 
now provided a process for the production of 
cross-linked elastomers, which comprises heat- 
ing a mixture of (1) a linear co-polymcr of 
ethylene and 10 to 60 percent by weight of a 
monoethylenically unsaturated monomer con- 
taining an aliphatic carbon atom having only 
one hydrogen atom bonded thereto, (2) 1 to 
10 per cent by weight of said co-polymer of 
a free-radical forming compound and (3) 0.5 
to 20 per cent by weight of said co-polymer 
of a monomer having at least two ethylenically 
unsaturated groups, at a temperature of from 
50° C. to 250° C. 

Suitable monoethylenically unsaturated 
monomers containing an aliphatic carbon 
atom having only one hydrogen atom bonded 
thereto and which are suitable for employ- 



ment in the process according to the present 40 
invention are esters of acrylic acid with satur- 
ated monohydnc alcohols having from 1 to 8 
carbon atoms (such as methanol, ethanol, pro- 
panol, butanol or cyclohexanol) acrylamide 
acrylomtriie, acrylic acid, esters and semi 45 
esters of alpha-beta-monoethylenically un- 
saturated dicarboxylic acids (such as fumaric 
acid or maleic acid) with saturated mono- 
hydnc alcohols having from 1 to 8 carbon 
atoms, monovinylaromatic compounds (such 50 
as styrene), vinyl chloride, methacrylic acid 
esters of secondary monohydnc saturated 
alcohols (such as isopropanol), and also maleic 
acid anhydride. 

The copolymers can be produced by pro- 55 
cesses known per se. Vulcanisation products 
having particularly good mechanical proper- 
ties are, however, produced if copolymers of 
ethylene and organic vinyl esters are used, 
which copolymers are advantageously pro- 60 
duced by free-radical polymerisation in a 
liquid phase containing predominantly tertiary 
butanol, as described in our co-pendin* Appli- 
cation No. 204/58 (Serial No 843,974) 

Examples of vinyl esters which can be co- 65 
polymensed with ethylene are: vinyl chlor- 
acetate, vinyl formate, vinyl benzoate and 
most advantageously, vinyl acetate and vinyl 
propionate. Further suitable copolymers are 
those of ethylene and propylene. The content 70 
ot the copolymensation components, such as 
the vinyl esters, incorporated by polymerisa- 
tion into the copolymers should be from 10 
to 60 per cent by weight, and most advanta- 
geously from 20 to 50 per cent by weight. 75 

As free radical formers which decompose 
at elevated temperature, it is possible to* use 
persulphates, perborates, readily decompos- V 
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able azo compounds, such for example as azo- 
diisobutyronitrilc or azodicarboxylic acid 
esters, or peroxides, such as benzoyl peroxide, 
dichlorobcnzoyl peroxide, tertiary butyl hy- 
5 droperoxide, pcroxy dicarbonates, cyclohex- 
anone peroxide, tertiary butyl pcrbenzoatc or 
polyfunctional peroxides, such for example as 
polymeric phthalyl peroxide, adipic acid-bis- 
tertiary butyl pcrester or polyacrylic acid- 
10 tertiary butyl percster. However, peroxides 
which have such a low decomposition velocity 
at temperatures below 100° C. that they do 
not produce any cross-linking on being in- 
corporated into the polymers, but decompose 
15 rapidly at higher temperatures up to 250° C, 
are particularly suitable. Examples of suitable 
peroxides conforming to those requirements 
arc di-tertiary butyl peroxide and dicumyl 
peroxide, the decomposition velocities of 

20 which at temperatures below 100° C. arc so 
low that the half-life periods of the peroxide 
decomposition exceed 24 hours. 

The free-radical formers are added in quan- 
tities of from 1 to 10 per cent by weight to 

25 the other components and admixed with the 
latter, such as by rolling or kneading. After 
shaping, the cross-linking is effected by heat- 
ing the mixture at elevated temperatures rang- 
ing from 50° C. up to 250° C. and prefer- 

30 ably between 100 and 200 c C, for about 5 
to 40 minutes. 

Examples of monomers having at least two 
ethylenically unsaturated groups and which 
are suitable for employment in the process 

35 according to the present invention are: aro- 
matic compounds which contain at least 2 
vinyl groups, such for example as di vinyl 
benzene and tri vinyl benzene, esters of poly- 
hydric alcohols with olefinically unsaturated 

40 carboxylic acids, such for example as ethylene 
glycol dimethacrylate, esters of polybasic 
acids with olefinically unsaturated alcohols, 
such for example as diallyl phthalate, o-silicic 
acid tetraallyl ester and triallyl phosphate, 

45 olefinically unsaturated polyethers, such for 
example as diallyl and triallyl ethers of gly- 
cerine and tetraallyl or hexallyl ethers of 
tetramethylol or hexamethylol melaminc, and 
polyurethanes derived from polyisocyanates 

50 and olefinically unsaturated alcohols, such for 



example as the polyurethanes obtained from 
polyisocyanates and ally! alcohol, olefinically 
unsaturated polyesters obtained from glycols 
and olefinically unsaturated dicarboxylic acids, 
such for example as maleic acid or fumaric 
acid, or triacrylyl pcrhydro-s-triazinc, triallyl 
cyanurate or triallyl phosphate. These com- 
pounds arc used in quantities of from 0.5 to 
20 per cent by weight, and more especially of 
from 1 to 10 per cent, based on the weight of 
the copolymers. 

Fillers can be admixed with the copoly- 
mers, whereby a considerable improvement in 
the mechanical values of the vulcanisates can 
be produced. Pigments, colouring agents, 
plasticisers, age resistors, etc., can also be 
admixed. 

The products produced by the process of 
the present invention can be cross-linked to 
such a degree that, in contrast to the initial 
materials, they are practically insoluble in 
organic solvents. They have a substantially 
improved thermal stability. As one property 
which is of particular value, it is however to 
be emphasised that the products have a 
rubber-like elasticity, such as cannot be pro- 
duced by cross-linking pure polyethylene. In 
addition, the copolymers have a better com- 
patibility with other synthetic resins and 
natural and synthetic rubbers. The cross- < 
linked copolymers can be used for many dif- 
ferent purposes. For example, they are suit- 
able for the manufacture of moulded articles 
such as liquid containers, pipes and flexible 
tubes, and are useful as coating materials, for 1 
example for the manufacture of heavy electric 
cables, as anti-corrosion coatings, as white wall 
surfacings for automobile tyres, as textile coat- 
ings, for example for rain-proof clothing and 
tent materials, etc., the good resistance of the ! 
products to atmospheric influences, and more 
especially to ozone and light, having proved 
particularly advantageous. 

In the following Examples, which further 
illustrate the invention, the parts indicated are ! 
parts by weight. 

Example 1 
The following basic mixtures were prepared 
from a given copolymer of 55 per cent ethyl- 
ene and 45 per cent vinyl acetate: 1 



B 



Polymer 

H.A.F. carbon black 
F.T. carbon black 



100 
50 



100 



50 



100 



Pyrogenically obtained 
highly active silica 



15 
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From these basic mixtures, one mixture wa? n +u * „ ! Z " — ■ 

produced in each case wim 1.2 pam of dl £ £ /""owing figures were obtained for 

cumyl peroxide and one mixture Kch cas- £d 2?2 ^ at - 30 ° per cent «K£t.£ 

W t h ¥ «T? ° f dicum > ] P««ac and 3 ?So°C ^A^C"" 11 ? Ct aftcr 70 *A» at 

parts of tnallyl cyanurate. i ° which figures clearly show the dif- 

A* 1 ** vulcanising for 60 minutes at a pres- re^ctiv? J f * gTO ° f ^^satibn^of the 

sure of 4.0 atm. and a temperature of 151° respectlve vul «nisates. 



dicumyl peroxide -f- 
triallyl cyanurate 

B: dicumyl peroxide 

dicumyl peroxide + 
triallyl cyanurate 

C: dicumyl peroxide 

dicumyl peroxide -f 
triallyl cyanurate 



Tension value 
300 per cent 

82 kg/cm 2 



102 
90 

123 
25 



Compression Set 
17.5 per cent 

4.0 
21 

3 
34 




Example 2 



A copolymer of 65 p« cent ethylene and ™^L UteS a * of 4.0 atm. and 



A: dicumyl peroxide 

dicumyl peroxide 
triallyl cyanurate 

C: dicumyl peroxide 

dicumyl peroxide -j- 
triallyl cyanurate 



Tensile value 
300 per cent 



Compression Set 



134 kg/cm 2 

155 M 
48 M 



20 per cent 
37 M 



From a copolyS^lsdng of 55 per cent fo^ 25 




Pyrogenically obtained 
highly active silica 

Dicumyl peroxide 
Ethylene glycol dimethacrylare 



15 
1.2 



15 
1.2 
3 
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After vulcanisation for 30 minutes at a 151° C, the following physical values arc 
pressure of 4.0 aun. and a temperature of obtained: 





D 


E 


Strength (kg/cm 2 ) 


96 


139 


Elongation (per cent) 


700 


595 


Tension valve (modulus) 






300 per cent 


23 


46 


500 per cent 


46 


92 


Hardness (shore) at 2<T C. 


55 


60 


Elasticity at 20° C. 


43 


46 



Example 4 cent vinyl alcohol, the following mixtures were 

From a polvmer consisting of 70 per cent prepared: 
ethylene, 15 per cent vinyl acetate and 15 per 

F G 



Polymer 


100 


100 


Pyrogenically obtained 
highly active silica 


15 


15 


Dicumyl peroxide 


1.2 


1.2 


Triallyl cyanurate 




3 



After vulcanising for 30 minutes at a 151* C, the following mechanical values arc 
pressure of 4.0 ami. and a temperature of obtained: 

F G 



Strength (kg/cm 2 ) 


107 


205 


Elongation (per cent) 


130 


300 


Tension value 300 per cent 
(kg/cm-) 




188 


Shore hardness at 20 r C. 


93 


95 


75° C. 


65 


81 


Elasticity (per cent) 






at 20° C. 


31 


32 


at 75° C. 


46 


55 



Example 5 80 0 P arts b y wei ght of ethylene and 

The following mixtures were obtained 20.0 parts by weight of vinylacetate 

from a co-polymer of 



pyrogenicaUy obtained 
highly active silicic acid 




Tensile strength (kg/cm 2 ) 


80 


175 


Elongation (per cent) 


150 


380 


Modulus at 300 per cent 




elongation (kg/cm 2 ) 




128 


Hardness at 20° C. (shore) 


83 


86 


at 75° Q (shore) 


75 


84 


Elasticity (per cent) 20° Q 


38 


44 



The following mixtures were obtained on ™T u Y we ! 8 ? t of ^ene and 

from a co-polymer of stained 30.0 parts by weight of vinylacetate 



IC 



Polymer 



10 <>.0 100 .0 



pyrogenicaUy obtained 

highly active silicic acid 20.0 

vinyl cyclohexene 

di-tertiary butylperoxide j 5 

10 — — _ 



20.0 
3.0 
1.5 



30 min. the 



Tensile strength (kg/cm 2 ) ~~ ~ ~ 

Elongation (per cent) 2 50 

Modulus at 300 per cent 

elongation (kg/cm 2 ) 31 

Modulus at 500 per cent 

elongation (kg/cm 2 ) 82 

Hardness at 20° C. (shore) 73 

at 75° C. (shore) 3 8 

Elasticity (per cent) 20° C. 31 



169 
515 

81 

135 
85 
68 
54 
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Example 7 
A co-polymer of 

67.0 parts by weight of ethj'lcnc and 
33.0 parts by weight of propylene 
5 v.r.s mixed with 

50.0 — 300.0 parts by weight of S.R.F. 
carbon black, 
2.0 parts by weight of di-cumyl per- 
oxide, and 

10 3.0 parts by weight of triallyl cyan- 

uratc 

and subsequently vulcanised in the press at 
151° C. for 30 "min. 

In all cases non-fusing products of excellent 
15 thermal stability and very good mechanical 
properties, and which were insoluble in or- 
ganic solvents, were obtained. 

WHAT WE CLAIM IS: — 

1. A process for the production of cross- 
20 linked elastomers, which comprises heating a 

mixture of (1) a linear co-polymer of ethylene 
and 10 to 60 per cent by weight of a mono- 
c&hylenically unsaturated monomer containing 
an aliphatic carbon atom having only one 

25 hydrogen atom bonded thereto, (2) 1 to 10 
per cent by weight of said co-polymer of a 
free-radical forming compound and (3) 0.5 to 
20 per cent by weight of said co-polymer of 
a monomer having at least twoethylcnically 

30 unsaturated groups, at a temperature of from 
50° C to 250° C. 

2. A process according to claim 1, wherein 
said compound (3) is a compound containing 
at least three allyl groups. 



3. A process according to claim 2, wherein 
the co-polymer is a co-polymer of ethylene 
and a vinyl ester, the vinyl ester content 
whereof is 20 to 50 per cent. 

4. A process according to claim 2, wherein 
the co-polymer is an cthylene-vuiyl acetate 
co-polymer produced by free-radical poly- 
merisation in a liquid phase containing pre- 
dominantly tertiary butanol. 

5. A process according to claim 1, wherein 
the co-polymer is a co-polymer of ethylene 
with 10 to 60 per cent of propylene. 

6. A process according to any of claims 1 
to 5, wherein the organic peroxide is one 
which at temperatures up to 100° C. has a 
half-life period of decomposition of more 
than 24 hours and which decomposes rapidly 
above that temperature up to 250° C. 

7. A process according to any of claims 1 
to 6, wherein said compound (3) is triallyl 
cyanurate. 

8. A process according to any of claims 1 
to 6, wherein said compound (3) is triallyl 
phosphate. 

9. A process according to claim 1, sub- 
stantially as described with reference to any 
of the Examples. 

10. Cross-linked elastomers, whenever pro- 
duced by the process claimed in any of the 
preceding claims. 

ELKINGTON & FIFE, 
Consulting Chemists and Chartered 

Patent Agents, 
Bank Chambers, 329, High Holborn, 
London, W.C.I, 
Agents for the Applicants. 
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